. Differential hybridization of a human fetal high-density array cDNA library. Each clone of the cDNA library is dotted in duplicate within a small region on the filter. "db.c": Close-up of a filter showing the duplicate signals of three different clones that could be detected by the T c -specific probe and hence were expressed in T-cell pool T c . The holes in the middle of the dots on the upper right are caused by the dotting procedure. "db.rore": The same clones hybridized against the T rore -specific probe. The four dots on the left have a very similar signal intensity compared to their counterparts in db.c. The two dots in the upper right, however, give a much weaker hybridization signal compared to the two dots in the same position of db.c. Therefore, the clone represented by these dots corresponds to a gene that was apparently much less expressed in T rore . The lower expression level is probably due to the inhibition of ROR αactivity by db.rore in these cells, and hence, this clone represents a ROR αtarget gene candidate.
The functional analysis of transcription factors has contributed tremendously to the understanding of fundamental biological phenomena as well as disease mechanisms. Transcription factors exert their function indirectly by regulating their responding or target genes. The set of genes regulated by the same regulatory protein can vary significantly between different tissues or organs. Hence, the cellular context influences the physiological pathway that a given transcription factor will initiate. It is, therefore, conceivable that the knowledge of responding genes will provide profound insight into the biological role and function of the corresponding transcription factor. Consequently, the inhibition of specific regulatory proteins is a promising approach to identify responding genes in combination with powerful methods such as differential display polymerase chain reaction (PCR) (7) or PCR-Select ™ ( CLON-TECH Laboratories, Palo Alto, CA, USA) (4) . It has been shown that the transcriptional activity of DNA-binding proteins within the cell can be inhibited by introducing double-stranded oligonucleotides (1) (2) (3) (8) (9) (10) . The regulatory sequences of these oligomers compete specifically for transcription factor binding with their endogenous counterparts in the target gene promoters. Circular dumbbell oligonucleotides (dumbbells) provide increased stability towards nucleolytic degradation in a biological environment because of the absence of free termini and therefore are excellent tools for specifically inhibiting selected transcription factors (3) . We describe the use of fluorescein-labeled dumbbells in combination with fluorescence-activated cell sorting (FACS) as a way to obtain well-defined pools of equally manipulated cells lacking the activity of a selected transcription factor. As a result, the homogeneity of the cellular material allows the analysis of differential gene expression and isolation of target gene candidates.
ROR αis a transcription factor that belongs to the superfamily of nuclear hormone receptors and is expressed in the brain, several peripheral tissues and immune cells. Recently, it has been shown that a deleted version of the ROR αgene causes severe cerebellar ataxia in the natural mutant mouse staggerer (6) . Highest expression of ROR αis found in T and B cells, yet its function in these cells remains unclear. Therefore, we were interested in identifying ROR αresponding genes in human T cells. Since low transfection efficiency of T cells is notorious, selection of transfected cells is necessary to obtain a homogeneous dumbbell-containing cell population.
For this purpose, we generated a fluorescein-labeled dumbbell ( Figure  1 ) in the manner described below. Two 86-bp 5 ′ -phosphorylated DNA oligomers were modified with a fluorescein phosphoramidite (CLONTECH) during synthesis on a Model 8909 Oligonucleotide Synthesizer (PerSeptive Biosystems, Cambridge, MA, USA). The modification of the oligonucleotides must not influence the interaction with ROR α . For this reason, the fluorescein label was linked to position 68 located in the T-loop region and thus sufficiently distant from the binding site. After running the oligomer on a 12% polyacrylamide gel (7 M urea) that was analyzed by ultraviolet (UV) shadowing, a single band of the expected size was excised. The concentration of the purified oligomer was determined by UV absorption. To obtain a dumbbell product, the oligomer was ligated as described in Clusel et al. (3) . The ligation efficiency was determined by incubating 1 pmol of the ligated or nonligated oligomer with 20 U of exonuclease III for 30 min at 37°C in 20 µ L of the appropriate buffer. The enzyme exclusively digested the nucleotides 3 ′ of T loop T2 ( Figure 1A ) of non-ligated oligomers because of their free (non-ligated) 3 ′ OH group. The reaction was stopped by adding 0.2 µ L 3 M NaOAc (pH 5.0), followed by incubation with 10 U mung bean nuclease, which digested all the single-stranded DNA, resulting in a 36-bp fragment of the ligated, but only a 12-bp fragment of the non-ligated, form of the original molecules. The analysis on a 4% MetaPhor ® agarose gel (FMC BioProducts, Rockland, ME, USA) revealed a high efficiency of ligation because the smaller fragment was not visible in the ligated sample. The dumbbells contained either an optimal ROR αresponse element (RORE: AATATGGGTCA for db.rore) or a scrambled element (ATC -GTGGTAAA for db.c) embedded in an otherwise identical 36-bp doublestranded region flanked by a singlestranded loop of seven thymidines. DNA bandshift experiments demonstrated that db.rore was able to bind to ROR αin vitro, while db.c did not (not shown). The dumbbells were then tested for their ability to compete with promoters containing a RORE in cellular reporter gene assays using the T-cell line Jurkat. For this purpose, we used a DNA reporter plasmid in which the expression of the gene encoding chloramphenicol acetyltransferase (CAT) is driven by a thymidine kinase (tk) minimal promoter fused to a RORE (RE.CAT). In each experiment, 0.4 µ g of a pSG5 vector (Stratagene, La Jolla, CA, USA)-based ROR α overexpressing plasmid (pROR α ), 1.6 µ g RE.CAT as reporter and 0.2 µ g pCH110 (Pharmacia Biotech, Piscataway, NJ, USA) as control for transfection efficiency, as well as the indicated concentrations of db.c or db.rore, were added to 4% L IPO-FECT AMINE ™ in RPMI 1640 (both from Life Technologies, Gaithersburg, MD, USA). The amount of DNA was always about 2.2 µ g in 200 µ L solution. After 30 min incubation at room temperature (RT), the solution was added to 5 ×10 6 Jurkat cells in 0.8 mL RPMI 1640 medium, and the mixture was incubated at 37°C. After 4 h, the solution was replaced by 10 mL RPMI 1640/ 10% fetal calf serum (FCS) followed by an incubation for 16 h at 37°C. The CAT and β -galactosidase activities were measured using the CAT and β -Galactosidase Enzyme Assay Systems (Promega, Madison, WI, USA) following the manufacturer's protocol. Figure  1B shows that db.rore significantly reduces ROR αactivity in the Jurkat T cells. A reduction by approximately 50% of the tkRORE promoter activity was observed at 3 nM dumbbell Benchmark s concentration and a nearly complete inhibition at 10 nM. At this concentration, the control dumbbell db.c inhibited the reporter gene activity by only about 30%. This is in agreement with the data of Clusel et al. (3) , which also reported weak, nonspecific effects at 10 nM dumbbell concentration. At a concentration of 7 nM of db.rore, we observed a substantial decrease in reporter gene activity (>80%) while it was not significantly decreased using 7 nM of the control dumbbell db.c. Therefore, we chose this concentration for specific inhibition of ROR α activity in human T cells to isolate target gene candidates.
For this purpose, human T cells were prepared from blood using a Ficoll ® gradient centrifugation standard protocol. For transfection, 4 mL RPMI 1640 medium containing 4% L IPO-FECT AMINE, 40 µ g pSG5 as carrier DNA and 7 nM db.rore or db.c were incubated for 30 min at RT, added to 10 8 T cells in 16 mL RPMI 1640 medium and incubated for 4 h at 37°C. The cells were washed and incubated with 16 mL fresh medium (10% FCS) overnight at 37°C. The transfected cells were incubated for 30 min at 4°C with a T cellspecific rhodamine-labeled anti-human CD3 antibody (Serotec, Oxford, England, UK) to further purify the T cells during FACS. After washing twice with phosphate-buffered saline (PBS), the cells were analyzed on FACStar ® Plus (Becton Dickinson Immunocytometry, Erembodegem, Belgium), and appropiate electronic compensation was applied to the photomultipliers as described by Gauchat erythrin and fluorescein signals were selected and subsequently sorted. These cells represented a homogeneous population of dumbbell-containing Tcell pools, T c and T rore . Routinely, about 5% of the cells used for transfection were obtained.
The poly(A) + mRNA of approximately 10 4 cells of each of the two pools was prepared by binding to 20 µ L oligo(dT)-coated Dynabeads ® (Dynal AS, Oslo, Norway). The following procedure was performed with the RNA bound to the beads to minimize loss of material. The oligo(dT) stretch of the beads was used as primer for reverse transcription into double-stranded DNA using the Great Lengths ™cDNA Synthesis Kit (CLONTECH) following the manufacturer's protocol. This resulted in a double-stranded cDNA pool covalently linked to the beads. For amplification, the cDNA pool was incubated with 10 U Rsa I in 50 µ L of the appropriate buffer for 90 min at 37°C to generate bead-linked and 5 ′ blunt-ended fragments of about 300 bp. The beads were thoroughly washed, and the fragments were ligated to a 20-bp double-stranded linker (GCGACTGCAC -TGACTAGACT; 5 ′ overhang) using the Rapid DNALigation Kit (Boehringer Mannheim GmbH, Mannheim, Germany). PCR amplification was performed with a primer specifically hybridizing to poly(A) tails (primer I: CGATGGTAGTACGTGAC T 20 ) and a linker-specific primer (primer II; 20 nucleotides) using the following protocol: ( i ) the beads were washed four times with TaqDNA polymerase buffer (80 mM Tris-HCl, pH 8.8, 1.5 mM MgCl 2 , 0.01% gelatin) and heated for 5 min at 94°C in 50 µ L in the same buffer containing 0.5 µ M of primer I and 0.5 mM dNTP. TaqDNA polymerase (5 U) was added to the hot sample followed by an annealing step at 42°C for 1 min and elongation of the bound primer at 72°C for 1 min. After adding primer II (0.5 µ M end concentration), 20 cycles of PCR were performed at 94°C for 10 s, 60°C for 30 s and 72°C for 1 min. The amplified material consisted of DNA fragments between 150 and 600 bp in size. Five percent of the sample was labeled with digoxigenin-UTP using the DIG High Prime ™ Kit (Boehringer Mannheim GmbH) and used as a probe for hybridization to filters on which a normalized human fetal cDNA library was automatically gritted (Glaxo Wellcome, Stevenage, England, UK). After washing, the filters were incubated with an alkaline phosphatase-coupled anti-DIG antibody (Boehringer Mannheim GmbH), washed two times followed by incubation with AttoPhos ™ (Boehringer Mannheim GmbH) as a phosphatase substrate. Light signals were fluorometrically scanned and analyzed by special software (Glaxo Wellcome).
The production of the library and the detection procedure will be described in detail elsewhere. Figure 2 shows an example of a clone that strongly lit up using the T c -specific control probe but was nearly undetectable with the T rorespecific probe. Consequently, the cDNA fragments hybridizing to this clone were much less abundant in T rore cells and likely represent a gene that is down-regulated because of the db.rorebased inhibition of ROR αactivity in these cells. Therefore, this clone represents a candidate target gene for ROR α .
The method described here is a relatively easy and fast way to generate specific tools for the induction of differential gene expression. Cell transfection rarely results in a majority of cells transfected, and therefore, cells that escape efficient transfection remain in the population and will cause spurious results. Since FACS provides a means to create homogeneous cell populations, the shortcomings of insufficient transfection efficiency can be overcome. This is essential when working with poorly transfectable cells such as T cells. Moreover, the use of fluoresceintagged dumbbells in combination with FACS allows to determine the degree of homogeneity of the cell population after transfection by setting a certain range of fluorescence signal intensity. The cell pools homogeneously devoid of a transcription factor's activity can be used to study changes of cell physiology or to analyze differential gene expression aiming at the identification of target gene candidates as described here.
Cosmid Vector for the Cloning and Study of Complex GC-Rich Genomes
BioTechniques 23:812-814 (November 1997) Cosmid vectors are designed to accommodate large DNA fragments (35-45 kbp) and are thus routinely used to generate genomic libraries that enable the assessment of the linkage between genes by chromosome walking (3). However, due to the large size of inserts within cosmid recombinants, these cannot be easily released in their intact form from the vector because of the absence of suitable restriction sites in the multiple cloning site (MCS). We are presently involved in the generation of a bovine herpesvirus 1 (BHV-1) cosmid-based system representing the whole viral genome within overlapping fragments that would be capable of regenerating infectious virus following homologous recombination by cotransfection of host cells. To prevent recombination between vector sequences that would result in the insertion of these within the viral genome, the regeneration of infectious virus from such a system requires the a priori excision of full-length DNA inserts from the vector. Since the GC content of the BHV-1 genome is exceptionally high (72%) (2), we modified the commercial cosmid vector SuperCos 1 (Stratagene, La Jolla, CA, USA) so as to flank the BamHI cloning site with two octanucleotide restriction sites consisting of only A and T residues, Swa I and Pac I, 
